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(57) ABSTRACT

The present invention provides a pneumatic tire having: a
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cumierential direction 1n a ground contact surface of a tread
portion; and a resonator provided 1n a land portion and con-
stituted of a resonance cell portion opened to a ground contact
region at a position distanced from the circumierential groove
and a siping portion making the resonance cell portion com-
municate with the circumferential groove, wherein change in
a tread pattern as time lapses can be alleviated without scari-
tying an effect of reducing pipe resonance sounds. Specifi-
cally, an opening width of the siping portion at the ground
contact surface of the tread portion 1s designed to change 1n
the longitudinal direction thereof such that the opening with
1s relatively narrow on the side of the circumierential groove
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PNEUMATIC TIRE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International Appli-

cation No. PCT/JP2008/052776 filed Feb. 19, 2008, claiming
priority based on Japanese Patent Application Nos. 2007-
037731, 2007-042684, 2007-0517635, 2007-165474, 2007 -
172514 and 2007-263611, filed Feb. 19, 2007, Feb. 22, 2007,
Mar. 1, 2007, Jun. 22, 2007, Jun. 29, 2007 and Oct. 9, 2007,

respectively, the contents of all of which are incorporated
herein by reference 1n their entirety.

TECHNICAL FIELD

The present invention relates to a pneumatic tire having a
resonance cell for suppressing pipe resonance of a circumier-
ential groove.

PRIOR ART

In recent years, as vehicles 1n general become relatively
quiet, vehicle noises caused by rotation of a pneumatic tire
with load exerted thereon are becoming a large factor of
vehicle noises accordingly, and there 1s a demand to reduce
such noises caused by a tire. Tire noises at a relatively high
frequency, 1n particular, around 1000 Hz have been a main
cause of vehicle exterior noise and there has been a demand to
reduce such tire noises, to address environmental 1ssues, as
well.

The tire noises around 1000 Hz are generated mainly due to
a pipe resonance sound. A pipe resonance sound 1S a noise
generated by resonance of air 1n a tube defined by a circum-
terential groove continuously extending in the tire circumier-
ential direction 1n a ground contact surface of a tread portion
and a road surface. In vehicles 1n general, a columnar noise 1s
normally generated in the range of 800 to 1200 Hz and a
columnar noise 1n this frequency range constitutes, due to a
relatively high peak sound pressure level and a relatively wide
frequency range, the most part of noises generated by a pneu-
matic tire.

Further, since human hearing 1s especially sensitive to
noises 1n a frequency range around 1000 Hz (A characteris-
tic), reducing a pipe resonance sound in the aforementioned
frequency range 1s elfective in terms of improving quietness
telt by occupants during running of a vehicle.

Therefore, in order to decrease such a pipe resonance
sound as described above, the provision number and/or the
volume of circumierential groove 1s generally reduced. Fur-
ther, as one of the methods of decreasing a pipe resonance
sound, there has been proposed a technique, in which a reso-
nator 1s provided to open to the circumierential groove and
terminate in a land portion and thus constitute a Hemholz-
type resonator mcluding a resonance cell portion opening to a
ground contact region and a siping portion for making the
resonance cell portion communicate with the circumierential
groove, so that energy of a pipe resonance sound around the
resonance frequency 1s absorbed (e.g. JP 03-338411, JP
2000-118207 and JP 2001-1917734). Other examples of the
proposed method of decreasing a pipe resonance sound
include decreasing a pipe resonance sound by using antireso-
nance 1n a long lateral groove provided such that only one end
thereol opens to the circumierential groove and the other end
terminates 1n a land portion, as disclosed in WO 04/103737.
Further, 1n general, as a technique for ensuring good drainage
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2

properties even 1 a worn tire, there has been practiced to
shape a section of a sipe to a flask-like shape.

DISCLOSURE OF THE INVENTION

However, in the prior art described above, the siping por-
tion 1s designed to have a constant opeming width 1n the entire
length thereof from the circumierential groove to the reso-
nance cell portion. In this structure, rigidity of a land portion
in which the siping portion 1s formed 1s larger on the side of
the resonance cell portion thereof reaching the resonance cell
portion and surrounded by a land portion than on the side of
the circumierential groove thereol teaching the circumieren-
tial groove extending in the circumierential direction. It 1s
known that the larger difference 1n rngidity of the land portion
between the two sides described above results 1n the larger
striking sounds when the land portion hits the ground. There-
fore, there has been a demand to suppress a striking sound
caused by difference in rnigidity described above.

The present invention has been made 1n view of the prob-
lems described above, and an object thereof1s to provide a tire
which 1s capable of suppressing striking sounds during run-
ning of a tire, without sacrificing an efiect of reducing a pipe
resonance sound.

In order to achieve the aforementioned object, a pneumatic
tire of the present invention, having: a circumierential groove
continuously extending in the tire circumierential direction 1n
a ground contact surface of a tread portion; and a resonator
provided in a land portion and constituted of a resonance cell
portion opened to a ground contact region at a position dis-
tanced from the circumierential groove and a siping portion
for making the resonance cell portion communicate with the
circumierential groove, 1s characterized in that an opening
width of the siping portion at the ground contact surface of the
tread portion 1s designed to change 1n the longitudinal direc-
tion thereof such that the opening width 1s relatively narrow
on the side of the circumierential groove and relatively wide
on the side of the resonance cell portion. In general, 1n a case
where the siping portion has a constant opening width 1n the
longitudinal direction thereof, the rigidity of the land portion
in the vicimity of the siping i1s smaller on the side of the
circumierential groove than on the side of the resonance cell
portion, whereby a striking sound 1s generated due to the
difference 1n rigidity between the two side of the land portion
when the siping portion 1s brought ito contact with the
ground during tire rotation with load exerted thereon. Accord-
ing to the present invention, however, by designing the open-
ing width of the siping portion opened to a ground contact
surface of the tread portion to be wider on the resonance cell
side than on the circumierential groove side thereol, the dif-
ference 1n rigidity of the land portion 1n the vicinity of the
s1ping portion between the two sides thereof 1s reduced, so
that striking sounds caused by the difference inrigidity can be
suppressed. In the present invention, the term “circumieren-
tial groove™ represents not only a groove linearly extending
along the tire circumierential direction but also a groove
extending 1n the tire circumierential direction 1n a zigzag or
wavy manner to form a complete circumierential groove as a
whole.

The type of the resonator 1s not particularly limited. For
example, the resonator may be a Helmholz-type resonator. In
this case, the formula for obtaining the resonance frequency
t, 1s expressed as below, given that the resonator has a shape
as shown in FIG. 1 and the radius, the length and the sectional
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area of the siping 2, the volume of the resonance cell 3 and the
speed of sound are expressed asr, 1, S, V and ¢, respectively.

_c S
Jo= 3 (1o + 1.31)V

The correction of the end of the siping 2 1n the formula above
1s normally obtained by experiments and thus the value
thereol varies depending on the references. In the present
invention, 1.3r 1s used as the correction value. In the present
invention, 1n a case where a sectional shape of the siping 2 1s
not circular, r, calculated by assuming that the section of the
siping 2 were to have a circular shape of the same sectional
area, 1s used. Accordingly, the resonance frequency 1, of the
resonator 1 can be changed according to necessity by appro-
priately selecting the values of the sectional area S of the
siping 2, the volume V of the resonance cell 3 and the like.

Further, as shown 1in FIG. 2, the resonance cell 3 and the
siping 2 of the resonator 1 can be regarded as a first tubular
path 4 and a second tubular path 5, respectively. That 1s, the
resonator 1 can be designed as a stepped resonator, which 1s a
linked tubular path formed by linking the first tubular path and
the second tubular path. In this case, the resonance frequency
f, can be obtained as follows.

Provided that a sectional area orthogonal to the extending,
direction of the first tubular path 1s S,, a sectional area
orthogonal to the extending direction of the second tubular
path 1s S,, acoustic impedance on the first tubular path 4 side
at the boundary 1s 7., ,, and acoustic impedance on the second
tubular path 5 side at the boundary 1s Z,,, the following
formula 1s deduced from the condition of continuity.

2212(52/51)'212

The sound pressure P, at a position on the second tubular path
5, which position 1s away from the portion of the second
tubular path opened to the circumierential groove by a dis-
tance X, 1s obtained by the following formula, provided that
the boundary conditions are: V,=V,&"" when x=0; and

P./V.,=7., when x=1,,

Po=Z {25, costk(lo—x)+jZ_ sin(k(l,—x))/Z_. cos(ki5)+
jZ5y sin(kly)}-Voe™, (note that k=2nf,/c)

wherein V., represents the particle velocity distribution of the
second tubular path 5, V, represents the particle velocity at
the input point, j represents the imaginary unit and Zc repre-
sents pc (p: air density, c: the speed of sound), respectively.
The sound pressure P, at the first tubular path 4 1s obtained by
the following formula, provided that the boundary conditions
are: V,=0 when x=1,; and P,/V,=7,, when x=1,,

Pl :ZS.{ZEI CGS(k(ZE—X))/CGS (kzl) {Zﬂ CDS(kZE)-l_jZEl
sin(kl;)}H-V,e™"

Accordingly, the condition formula of the resonance fre-
quency 1, 1s deduced as follows, provided that the condition of
resonance 1s: P,=0 when x=0. The resonance frequency 1, can
be calculated by selecting k, 1,, 1,, S,, S,, ¢, based on this
condition formula of resonance.

Tan(ki | tan(kly )= (S5/S)=0

Further, 1t 1s preferable that, provided that the length 1n the
tire circumierential direction and the length 1n the tire width-
wise direction of the resonance cell portion of the resonator
are L, and L, respectively, L, 1s not larger than L.

Yet further, the ground contact surface of the tread portion
1s preferably provided with at least one shoulder groove
extending from the circumierential groove toward the outer
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side 1n the tire widthwise direction thereof to a position
beyond a ground contact end of the tread.

Yet turther, 1t 1s preferable that the sectional area of a face
ol the resonance cell portion, which face 1s orthogonal to the
extending direction of the resonance cell portion, 1s larger
than the sectional area of a face of the siping portion, which
face 1s orthogonal to the extending direction of the siping
portion, and that the siping portion has on the groove bottom
side thereol an enlarged portion having a larger groove width
than the opening width of the siping portion. In the present
ivention, a “groove width” represents a measured length of a
sectional width at a section of the siping portion, which sec-
tion 1s orthogonal to the extending direction of the siping and
the “extending direction of the siping” represents an extend-
ing direction of the siping which extends from the circumfier-
ential groove toward the resonance cell portion.

Yet further, a sectional area of a face of the resonance cell
portion, which face 1s orthogonal to the extending direction of
the resonance cell portion, 1s larger than a sectional area of a
face of the siping portion, which face i1s orthogonal to the
extending direction of the siping portion, and that the depth of
the resonance cell portion 1s not larger than the width of the
resonance cell portion at the ground contact surface of the
tread portion. In the present invention, a “depth of the reso-
nance cell portion™ represents a distance in the tire radial
direction from a ground contact surface of the tread portion to
the groove bottom of the resonance cell portion and a “width
of the resonance cell portion™ represents a width 1n the direc-
tion orthogonal to the longitudinal direction of the resonance
cell portion, 1.e. the width 1n the lateral direction. It should be
noted that the length of the resonance cell portion represents
the length 1n the longitudinal direction of the resonance cell
portion.

Yet further, 1t 1s preferable that the pneumatic tire further
comprises: at least one row of rib-like land portions adjacent
to the circumierential groove, wherein a plurality of the reso-
nators are provided along the tire circumierential direction in
the rib-like land portion, and each resonator has a first end and
a second end defining a length 1n the tire circumierential
direction of the resonance cell portion, the siping portion
extends from the second end of the resonator 1n the direction
away from the first end of the resonator, and the first end of
one resonator and the second end of another resonator adja-
cent to the one resonator 1n the tire circumierential direction
are aligned with each other on the same line 1n the tire width-
wise direction.

Yet further, it 1s preferable that, when viewed 1n the tire
widthwise direction, the resonance cell portion of one reso-
nator at least partially overlaps the siping portion of another
resonator adjacent to the one resonator 1n the tire circumier-
ential direction.

Yet further, 1t 1s preferable that the sectional area in the tire
widthwise direction of the resonance cell portion gradually
decreases toward the first end of the resonator.

According to the present invention, since the opening
width of the siping portion at a ground contact surface of the
tread portion 1s designed to change 1n the longitudinal direc-
tion of the siping portion such that the opening width 1s
relatively small on the circumierential groove side and rela-
tively large on the resonance cell portion side of the siping, 1.¢.
the land portion area 1s made larger on the circumierential
groove side than on the resonance cell portion side, the rigid-
ity of the land portion, which would be lower on the circum-
terential groove side than on the resonance cell portion side 1f
the siping were to have a constant opening width in the
longitudinal direction thereof, can be designed not so much
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different between the circumierential groove side and the
resonance cell portion side, whereby striking sounds can be
suppressed.

BRIEF DESCRIPTION OF THE DRAWINGS 5

FIG. 1 1s a view schematically showing a Helmholz-type
resonator.

FIG. 2 1s a view schematically showing a stepped-type
resonator.

FI1G. 3 15 a plan view showing a ground contact surface of
a representative tire according to the present invention.

FI1G. 4 1s a plan view of a resonator of the tire shown 1n FIG.

10

3.

FIG. 51s a sectional view of a resonator of the tire shownin 15

FIG. 3.

FIGS. 6(a) and 6(b) are plan views of resonators of other
tires according to the present invention, respectively.

FI1G. 7 1s a development view of a part of a tread portion of
another tire according to the present invention.

FIGS. 8(a) and 8(b) are plan views each showing an open-
ing portion of the resonance cell portion.

FIG. 9 1s a partial perspective view of yet another tire
according to the present invention.

FIG. 10 1s a sectional view of the tire of FIG. 9, cut along
the Y-Y line in FIG. 9.

FIG. 11 1s a development view of a part of a tread portion
of yet another tire according to the present invention.

FIG. 12 1s a development view of a part of a tread portion
ol yet another tire according to the present invention.

FIG. 13 1s a plan view showing an opening portion of the
resonance cell portion.

FIG. 14 1s a development view of a part of a tread portion
ol yet another tire according to the present invention.

FIG. 135 15 a perspective view of a part of the tread portion
of the tire shown 1n FIG. 14.

FI1G. 16 1s a perspective view of a part of a tread portion of
yet another tire according to the present imvention.

FI1G. 17 1s a perspective view of a part of a tread portion of
yet another tire according to the present invention.

FIG. 18 1s a perspective view of a part of a tread portion of
yet another tire according to the present invention.

FIG. 19 1s a perspective view of a part of a tread portion of
yet another tire according to the present invention.

FI1G. 20 1s a perspective view of a part of a tread portion of 45
yet another tire according to the present invention.

FI1G. 21 1s a sectional view 1in the tire widthwise direction of
the resonance cell portion and the vicinities thereof shown in
FIG. 20.

FI1G. 22 1s a perspective view of a part of a tread portion of 50
yet another tire according to the present invention.

FI1G. 23 1s a perspective view of a part of a tread portion of
yet another tire according to the present imvention.

FIG. 24 1s a perspective view of a part of a tread portion of
yet another tire according to the present invention.

FIG. 25 1s an enlarged plan view showing, in an enlarged
manner, a main part of a tread portion of yet another tire
according to the present invention.

FIG. 26 15 an enlarged plan view showing, 1n an enlarged
manner, a main part of a tread portion of yet another tire
according to the present invention.

FIG. 27 1s an enlarged plan view showing, 1n an enlarged
manner, a main part of a tread portion of yet another tire
according to the present invention.

FI1G. 28 15 an enlarged plan view showing, 1n an enlarged
manner, a main part of a tread portion of yet another tire
according to the present invention.
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FIG. 29 1s an enlarged plan view showing, in an enlarged
manner, a main part of a tread portion of yet another tire
according to the present ivention.

FIG. 30 1s an enlarged plan view showing, in an enlarged
manner, a main part of a tread portion of yet another tire
according to the present invention.

FIG. 31 1s a plan view showing a resonator of a tire of
Comparative Example.

FIG. 32 15 a graph showing a result of noise measurement.

FIG. 33 15 a view schematically showing a ground contact
surface of a tread portion of an Example tire.

FIG. 34 1s a view schematically showing a ground contact
surface of a tread portion of an Example tire.

FI1G. 35(a)1s adevelopment view of a part of a tread portion
of an Example tire.

FIG. 35(b) 1s a view of a section of the siping portion in the
direction orthogonal to the extending direction thereof, of an
Example tire.

FIG. 36(a)1s adevelopment view of a part of a tread portion
of an Example tire.

FIG. 36(b) 1s a view of a section of the siping portion in the
direction orthogonal to the extending direction thereof, of an
Example tire.

FI1G. 37 1s a view showing a tread pattern of an Example tire
according to the present ivention.

FI1G. 38(a) 1s an enlarged plan view showing, in an enlarged
manner, a main part of a tread portion of an Example tire.

FIG. 38(b) 1s a view showing change, 1n sectional area 1n
the tire widthwise direction of a rib-like land portion of FIG.
38(a), along the circumierence of the tire.

FIG. 39 is an enlarged plan view showing, in an enlarged
manner, a main part of a tread portion of an Example tire.

Explanation of Reference Numerals

Resonator

Siping portion

Resonance cell portion

First tubular path

Second tubular path

Land portion

Crrcumferential groove

Portion of siping portion on circumiferential groove side
Portion of siping portion on resonance cell portion side
Shoulder land portion

Center land portion

Center land portion

Groove bottom of resonance cell portion

Projection

Ground contact end of tread

Shoulder groove

Land portion on the mner side in the tire widthwise
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17 Enlarged portion

18 Constant groove width portion

19 Wall portion of resonance cell portion

20 Pebble or gravel

21 Extending direction of wall portion of resonance cell portion

22 Line normal to ground contact surface of tread portion
23 Rib-like land portion

24 First end

25 Second end

26 Opening end

BEST MODE FOR CARRYING OUT TH
INVENTION

(L]

A tire of an embodiment of the present mvention will be
described with reference to the drawings. FIG. 3 1s aplan view
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showing a ground contact surface of a tread portion of a
representative pneumatic tire according to the present inven-
tion (which tire will be simply referred to as “tire” hereinai-
ter), assembled with a prescribed rim and 1n a state where the
tire 1s inflated at the maximum air pressure and a mass cor-
responding to the maximum load capacity thereof 1s applied
thereon. F1G. 4 1s a plan view of a resonator of the tire shown
in FIG. 3. FIG. 5 1s a L-N line sectional view of the resonator
of FIG. 4, cut along the widthwise direction center line LN
thereol. FIGS. 6(a) and 6(d) are plan views of resonators of
other tires according to the present invention, respectively.
FIG. 7 1s a development view of a part of a tread portion of
another tire according to the present invention, assembled
with a prescribed rim and 1n a standard state in which the tire
1s intlated at the maximum air pressure and load correspond-
ing to 80% of the prescribed mass 1s exerted thereon. FIGS.
8(a) and 8(b) are plan views each showing an opening portion
of the resonance cell portion. FIG. 9 1s a partial perspective
view ol yet another tire according to the present mvention.
FIG. 10 1s a sectional view of the tire of FIG. 9, cut along the
Y-Y line 1n FIG. 9. FIG. 11 1s a development view of a part of
a tread portion of yet another tire according to the present
invention. FIG. 12 1s a development view of a part of a tread
portion of yet another tire according to the present invention.
FIG. 13 1s a plan view showing an opening portion of the
resonance cell portion. FIG. 14 1s a development view of a
part of a tread portion of vyet another tire according to the
present invention. FIG. 15 1s a perspective view of a part of a
tread portion of the tire shown in FIG. 14. FIGS. 16 to 18 are
perspective views each showing a part of a tread portion of yet
another tire according to the present invention. FIGS. 19, 20
and 22 to 24 are development views each showing a part of a
tread portion of yet another tire according to the present
invention. FIG. 21 1s a sectional view 1n the tire widthwise
direction of the resonance cell portion shown in FIG. 20.
FIGS. 25 to 30 are enlarged plan views each showing, in an
enlarged manner, a main part of a tread portion of yet another
tire according to the present invention.

In the present invention, a “prescribed rim” represents a
rim prescribed 1n the Standards described below, “the maxi-
mum air pressure’”’ represents the air pressure prescribed in
accordance with the maximum load capacity in the Standards
described below, a “prescribed air pressure™ represents the air
pressure prescribed in accordance with the maximum load
capacity in the Standards described below, “the maximum
load capacity” represents the maximum mass which 1s
allowed to be exerted on a tire according to the Standards
described below, and a “prescribed mass™ represents the
alorementioned maximum load capacity. In the present
invention, “air” may be replaced with an 1nert gas such as
nitrogen gas, or the like.

In the present invention, a “Standard” represents a standard
determined by an industrial standard effective in an area
where the tire 1s produced or used. Examples of such a stan-
dard as described above include “YEAR BOOK” by THE
TIRE AND RIM ASSOCIATION, INC. 1n the United States,
“STANDARDS MANUAL” by The European Tyre and Rim
Technical Organisation in Europe and “JATMA YEAR
BOOK” by The Japan Automobile Tyre Manufacturers Asso-
ciation, Inc. 1n Japan.

The tire shown 1n FIG. 3 according to the present invention
has: a circumierential groove 7 continuously extending 1n the
tire circumierential direction 1n a ground contact surface 6 of
a tread portion; and a resonator 1 provided 1n a land portion 6
and constituted of a resonance cell portion 3 opened to the
circumierential groove 7 and also opened to a ground contact
surface at a position distanced from the circumierential
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groove 7 and a siping portion for making the resonance cell
portion 3 communicate with the circumierential groove. The
pneumatic tire of the present invention is characterized in that
an opening width ol the siping portion 2 1s designed to change
in the longitudinal direction, 1.e. in a direction along the
center line LN plotted by linking the middle points of the
widths of the resonator 1. FIG. 4 1s a plan view showing an
opening portion of the resonator 1. FIG. 5 1s a sectional view
schematically showing a section of the resonator 1 cut along
the widthwise direction center line LN. In this example, the
resonator 1 1s constituted of the resonance cell portion 3
having a width W, a length L, and a depth D, and the siping
portion 2 having a length L, and a depth D,. The siping
portion 2 includes a portion thereof 8a on the circumierential
groove side having an opening width w, and a length m, and
a portion thereol 85 on the resonance cell portion side having
an opening width w, and a length m,, wherein the opening
width w, 1s smaller than the opening width w,. Although the
opening width of the siping portion 2 changes the length
thereol 1n two steps 1n the resonator 1 shown 1n FIG. 3, the
opening width of the siping 2 may be gradually increased
from the circumierential groove side toward the resonance
cell portion side, as shown in FI1G. 6(a). Further, as shown 1n
FIG. 6(b), the siping portion 2 may be constituted of a portion
having a constant opening width on the circumierential
groove side and a portion where the groove width gradually
increases from the aforementioned constant opening width
portion toward the resonance cell portion side.

In general, 1n a case where the opening width of the siping
portion 2 1s constant, rigidity of a land portion in the vicinity
of the siping portion 1s smaller on the circumierential groove
side than on the resonance cell portion side thereof, whereby
striking sounds are generated due to the uneven distribution
of ngidity of the land portion and the noise during running of
a vehicle becomes relatively loud. Therefore, by making the
opening width of the siping 2 relatively small on the circum-
terential groove side and relatively large on the resonance cell
side as 1n the resonator 1 of the tire according to the present
invention, rigidity of the land portion can be made substan-
tially even between the circumierential groove side and the
resonance cell portion side thereol, whereby difference in
rigidity between the two sides of the land portion 1s reduced
and thus striking sounds, generated when the tire 1s rotated
with load exerted thereon and brought into contact with a road
surface, can be decreased.

Further, it 1s preferable that, provided that the length 1n the
tire circumierential direction and the length 1n the tire width-
wise direction of the resonance cell portion 3 of the resonator
1 are L, and L, respectively, L, 1s not larger than L,. In the
example shown 1n the drawings, there are formed by demar-
cation by the circumierential groove 7: a shoulder land por-
tion 9 as a land portion, located on the further outer side of the
circumierential groove located at the outermost position 1n
the tire widthwise direction 1n a ground contact surface of the
tread portion; a center land portion 10 located at the center in
the tire widthwise direction; and an intermediate land portion
11 between the center land portion 10 and the shoulder land
portion 9. The resonator 1 1s provided 1n the shoulder land
portion 9 and the intermediate land portion 11. In a case where
the length L, 1n the tire widthwise direction of the resonance
cell portion 3 provided 1n a ground contact surface of the tread
portion 1s too long, an edge component of the edge of the
resonance cell portion 1 a direction extending in the tire
widthwise direction 1s too large, whereby braking force act-
ing on the tire circumierential direction increases and the
amount of wear of the land portion increases. However, in the
tire of the present invention described above, by setting the
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length L, 1n the tire widthwise direction of the resonance cell
portion 3 not larger than the length L, in the tire circumfer-
ential direction thereof, the length 1n the tire widthwise direc-
tion of the resonance cell portion 3 and the edge component
thereat are made relatively small without reducing the volume
of the resonance cell portion 3, whereby generation of brak-

ing force can be suppressed and an amount of wear can be

reduced.

In particular, the length L, 1n the tire widthwise direction of
the resonance cell portion 3 provided in the shoulder land
portion 9 1s preferably not larger than 0.75 times as much as
the length L, 1n the tire circumierential direction, so that the
progress of the wear can be further effectively suppressed. In
a case where the sectional shape of the resonance cell portion
3 changes 1n the depth direction, the length L, in the tire
circumierential direction and the length L, in the tire width-
wise direction of the opening portion to the tire surface, of the
resonance cell portion 3, are regarded as the length L, 1n the
tire circumierential direction and the length L, in the tire
widthwise direction of the resonance cell portion 3, respec-
tively.

Although the opening portion to the tire surface, of the
resonance cell portion 3, of the resonator 1 exemplarily
shown 1n FIG. 7 has a rectangular shape including a side 1n
parallel to the tire circumierential direction and having a
length L and a side 1n parallel to the tire widthwise direction
and having alength L ,, as shown 1n FIG. 8(a), the shape of the
opening portion 1s not restricted to a rectangular shape and
may be an ellipsoidal shape or other curved contour. Alterna-
tively, the shape of the opening portion may have a polygonal
shape such as a tetragon. When the opening portion of the
resonance cell 3 has a general shape as shown in FI1G. 8(b) and
FIG. 9, the length L, 1n the tire circumierential direction and
the length I, 1n the tire widthwise 1s direction of (the opening
portion of) the resonance cell portion 3 are each defined as a
projection length when the opeming portion 1s projected onto
a line 1n parallel to the tire circumierential direction C or a
projection length when the opeming portion 1s projected onto
a line 1n parallel to the tire widthwise direction D.

The resonance frequency (I,) of the resonator 1 can be
changed according to necessity by selecting the shape,
dimensions and the like of the resonator. In terms of suppress-
ing pipe resonance 1n the frequency range generally occurring
in the circumierential groove of a tire, the resonance fre-
quency 1, which the resonator should provide preferably 1n
the range o1 700 to 1800 Hz and more preferably in the range
of 700 to 1400 Hz.

In the present invention, the opening area to a ground
contact region, of the resonance portion 3, under a state where
no load 1s exerted on the tire, 1s preferably 1n the range of 50
to 600 mm?* and more preferably in the range of 70 to 360
mm”.

In the tire of the present embodiment, the siping portion 2
and the resonance cell portion 3 of the resonator 1 are formed
to open to a ground contact region. Therefore, even 1n a case
where vulcanization molding with respect to a green tire 1s
carried out such that mold portions protrude into portions
corresponding to the siping portion and the resonance cell
portion, of the green tire, the protruded mold portions can
always be smoothly and reliably pulled out of the siping
portion 2 and the resonance cell portion 3 of the product tire,
regardless of whether the sectional areas of the siping portion
2 and the resonance cell portion 3 slightly change 1n the depth
direction or not. As a result, the tire of the present embodi-
ment can be manufactured in a manner similar to that in the
conventional, general tire not having a resonator.
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The siping portion 2 and the resonance cell portion 3
opened to a ground contact region as described above define,
when the opening portions thereot are closed by a road sur-
face, a sealed space between a ground contact surface of the
tread portion and the road surface. Therefore, the resonance
cell portion 3 can sufliciently demonstrate a function as a
resonator.

The cross sectional area and the contour configuration of a
section 1n parallel to a ground contactregion, of the resonance
cell portion 3, may be the same as those of the opening portion
at the land portion or increase/decrease toward the bottom
wall side of the resonance cell portion 3 to the extent that
pulling-out of the mold portions from the resonance cell
portion 3 of a tire which has completed the vulcanization
process 1s not disturbed.

In the resonator 1 as described above, for example, ina case
where the siping portion 2 1s formed by pushing a blade of a
vulcanization mold or the like into a green tire, the siping
portion 2, as well as the resonance cell portion 3, can also be
formed easily. In this case, the siping portion 2 can be formed
by a sipe as shown 1n FIG. 9.

In the foregoing descriptions, the groove bottom 12 of the
resonance cell portion 3 may have a flat surface or a curved
surface which 1s convexed or concaved toward the opening
side. Preferably, in terms of suppressing the groove from
catching a pebble or the like therein, at least one upwardly
convexed projection 13 1s provided at the groove bottom, as
shown 1n FIG. 10 which 1s an enlarged view of the resonance
cell portion cut along the Y-Y line of FIG. 9, such that the
difference 8 1n height caused by the projection 1s at least 1.6
mm and more preferably 3.0 mm. The upper limit of the
difference 8 1n height 1s preferably smaller than the maximum
depth of the resonance cell portion and more preferably
smaller than (the maximum depth of the resonance cell por-
tion-2 mm ) because the projection must not disturb resonance
by sectioning the resonance cell portion 3. The projection 13
in the structure above may be formed to protrude from the side
wall of the resonance cell portion such that the projection 1s
independent of or separated from the groove bottom 12.

Regarding the provision of the resonator 1 having the struc-
ture as described above with respect to the circumierential
groove 7, 1n a case where at least one circumierential groove
7 1s formed, 1t 1s preferable that a ground contact surface
under the condition as described 1n context with FIG. 7 con-
stantly and completely includes at least one resonator 1 pro-
vided 1n at least one of the circumierential grooves 7. It 1s
more preferable that the aforementioned ground contact sur-
tace constantly and completely includes at least one resonator
1 provided 1n each of the circumierential grooves 7.

It 1s further more preferable that plural resonators 1 are
provided such that plural resonators 1 having different reso-
nance frequencies from each other constantly open to each of
the circumierential groove 7 1 a ground contact surface
which 1s 1n contact with the road surface under the same
condition as described above.

FIG. 11 1s a view showing a ground contact surface, in a
state similar to that described in context with FIG. 7, of a tire
according to the present invention. This tire 1s the same as the
tire of the foregoing embodiment 1n that a resonator 1 having
the length L, 1n the tire circumierential direction of the reso-
nance cell portion 3, which 1s longer than the length L, 1n the
tire widthwise direction thereolf, 1s provided 1n the shoulder
land portion 9, but different thereirom in that other land
portions, e.g. the intermediate land portion 11, 1s provided
with a resonator 1 having a resonance cell portion 3 1n which
the tire widthwise direction length L, 1s longer than the tire
circumierential direction length L,.
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Further, FIG. 12 1s a view showing a ground contact sur-
face, 1n a state similar to that described in context with FIG. 7,
of a tire of another modified example of the present embodi-
ment according to the present invention. Each of the resona-
tors 1 of the embodiment as shown in FIG. 7 1s provided such
that the center line WCL 1n the widthwise direction of the
resonance cell portion 1s inclined with respect to the tire
widthwise direction at an inclination angle 0 of 90°. In the
present modified example, the inclination angle 0 of the reso-
nance cell portion 3 of the resonator 1 provided in the land
portion 1s preferably in the range of 45° to 90°.

In the present modified example, 1n a case where the reso-
nance cell portion 3 has a parallelogram shape, the inclination
angle 0 of the center line WCL 1n the widthwise direction of
the resonance cell portion with respect to the tire widthwise
direction D 1s equal to the angle formed by the two adjacent
sides of the parallelogram, as shown 1n FIG. 13(b). However,
the shape of the resonance cell portion 3 1s not restricted to a
parallelogram, as described above. In a case where the open-
ing portion of the resonance cell portion has an arbitrary
shape, the center line WCL 1n the widthwise direction of the
resonance cell portion 1s, as shown in FIG. 13(a), an approxi-
mation line obtained from the center positions M (three points
in the drawing) 1n the tire widthwise direction of the opening
portion of the resonance cell portion.

Further, in the tire according to the present invention, the
should land portion 9 1s preferably provided with at least one
shoulder groove 15 extending from the circumierential
groove 7 toward the outer side 1n the tire widthwise direction
to a position beyond a ground contact edge 14 of the tread
portion, as shown in FIG. 14. In such a tire as described above,
the shoulder groove 15 opened to the circumierential groove
7 1s included 1 a ground contact surface when the tire 1s
rotated with load applied thereon, whereby air column 1s
sectioned to be shortened and the frequency of pipe resonance
sounds generated from the circumierential groove 7 increases
accordingly. In view of this, 1n the structure shown 1n FI1G. 14,
the volume of each resonance cell portion 3 1s reduced so that
the resonance cell portion having an increased resonance
frequency 1s accommodated in the same ground contact sur-
face together with the shoulder groove 15, whereby noise 1s
reduced. It should be noted that, when a condition which
decreases the volume of the resonance cell portion 3 1is
applied to the resonance cell portion 1, the resonance ire-
quency which effects antiresonance increases, regardless that
the resonator 1 1s either the Helmholz-type resonator 1 or the
stepped-type resonator 1 described above. In the structure
shown 1n FIG. 14, since the volume of the resonance cell
portion 3 of the resonator 1 1s reduced, rigidity of the tread
portion 1s enhanced and the driving stability on a dry road
surface 1s 1mproved. Accordingly, in this structure, by
increasing the number of the provided shoulder grooves 135
included 1n a ground contact surface so as to increase the
frequency of pipe resonance sounds, the volume of each of the
resonance cell portions 3 of the resonators 1 included in the
same ground contact surface can be further decreased,
whereby nigidity of the tread portion 1s enhanced and the
driving stability on a dry road surface 1s improved, together
with reducing pipe resonance sounds. Further, by providing
the shoulder groove 15, an edge component i1s increased,
thereby improving an eifect of cutting a water film on a wet
road surface, and also the groove volume of the tread portion
1s increased, thereby improving an effect of sucking water on
a road surface into the groove, whereby the running perfor-
mance on a wet road surface 1s comprehensively improved.

Yet further, when viewed 1n the tire circumferential direc-
tion, 1t 1s preferable that the shoulder groove 15 1s formed
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between two adjacent resonance cell portions 1, 1.¢. such that
the resonance cell portion 1 and the shoulder groove 15 are
brought into contact with the ground alternately when the tire
1s rotated with load applied thereon. In a case where only the
resonators 1 or only the shoulder grooves 15 are continuously
brought 1nto contact with the ground, the frequency of pipe
resonance sounds generated from the circumierential groove
7 cannot be increased 1n a stable manner and the magnitude of
decrease 1n the pipe resonance sounds by the resonance fre-
quency of the resonator 1 1s not even, whereby noise may not
be sufliciently reduced.

Yet turther, the provision pitch of the shoulder groove 15 1s
preferably set such that the shoulder groove 15 1s included
within a ground contact surface of the circumierential groove
7. In a case where the provision pitch of the shoulder groove
15 1s longer than the ground contact length of the circumier-
ential groove 7 when a tire 1s rotated with load exerted
thereon, there 1s a possibility that the shoulder groove 15 1s
not in contact with a road surface, although the resonator 1 1s
in contact with said road surface, whereby no column is
formed between the shoulder groove 15 and the road surface
where the tire 1s rotated with load applied thereon. In this
case, as a result, the frequency of pipe resonance sounds
generated from the circumiferential groove 7 1s not increased
and thus the pipe resonance sounds may not be sufliciently

decreased by the resonator 1 having the resonance cell portion
3 of which volume has been reduced.

Yet turther, the provision pitch of the resonator 1 1s pret-
erably shorter than the ground contact length of the circum-
terential groove 7. In a case where the provision pitch of the
resonator 1 1s longer than the ground contact length of the
circumierential groove 7 when a tire 1s rotated with load
exerted thereon, there 1s a possibility that the resonator 1 1s not
in contact with a road surface, although the shoulder groove
15 1s 1n contact with said road surface and is sufficiently
increasing the frequency of pipe resonance generated from
the circumiferential groove 7, whereby pipe resonance sounds
cannot be sufficiently decreased. In the present invention, a
“oround contact length of the circumierential groove™ repre-
sents a length 1n the tire circumierential direction of the
circumierential groove, 1n a region of a ground contact sur-
face of the tread portion 1n contact with a road surface when
a tire inflated at the standard air pressure prescribed in
JATMA 1s rotated with 80% of the maximum load exerted
thereon.

Yet further, the resonator 1 1s preferably provided in the
land portion 16 on the inner side in the tire widthwise direc-
tion of the circumierential groove 7. In a case where the
resonator 1 1s not provided in the land portion 16 on the inner
side 1n the tire widthwise direction but provided on the shoul-
der land portion 9, both the resonator 1 and the shoulder
groove are provided in the shoulder land portion 9, whereby
rigidity of the shoulder land portion 9 1s decreases, possibly
causing break of the tread portion due to partial wear and/or
coming-oil of the shoulder land portion 9.

Yet further, the shoulder groove 15 preferably opens at a
ground contact region when a tire 1s rotated with load exerted
thereon. In a case where the shoulder groove 15 fails to open
at a ground contact region when a tire 1s rotated with load
exerted thereon, 1.e. where the shoulder groove 15 i1s then
completely closed, the frequency of pipe resonance sounds
generated from the circumierential groove 7 can no longer be
increased by the shoulder groove 135, whereby pipe resonance
sounds may not be eflectively decreased by the resonator 1
having the resonance cell portion 3 of which volume has been
reduced.
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Yet further, it 1s preferable that each of the tread half
regions 1s provided with the circumierential groove 7, the
resonator 1 and the shoulder groove 15. In a case where the
circumierential groove 7 1s provided at each tread half region,
driving stability can be further improved, while pipe reso-
nance sounds are further decreased, by providing the resona-
tor 1 and the shoulder groove 15 1n each of the tread half
regions rather than providing the resonator and the shoulder
groove 15 1n only one of the tread half regions.

Yet further, the dimensions and shapes of the plural reso-
nators 1 provided in a ground contact surface of the tread
portion can be varied, such that the resonance frequencies
thereol are differentiated from each other and the band of
frequency which effects antiresonance can be set in a rela-
tively wide range.

Yet further, in the tire of the present invention, as shown 1n
FIG. 16, the siping portion 2 preferably has an enlarged
portion 17 on the groove bottom side thereof such that the
enlarged portion 17 has a groove width larger than the open-
ing width of the siping portion 2. In such a pneumatic tire as
described above, since the siping portion 2 has on the groove
bottom side thereof the enlarged portion 17 having a groove
width larger than the opening width of the siping portion 2, it
the rubber of the tread portion deforms when a tire 1s rotated
with load exerted thereon and an opening portion at a ground
contact surface of the siping portion 2 1s closed due the walls
thereot are brought into contact with each other, change in
volume of the enlarged portion 17 1s relatively small and the
volume of the siping portion 2 can be ensured suificiently,
whereby a desired resonance frequency can be ensured and
pipe resonance sounds can be effectively decreased, while
drainage performance can be improved together. Further,
since the enlarged portion 17 1s provided on the groove bot-
tom side of the siping portion 2, the volume of the siping
portion 2 can be ensured even after the middle stage of wear,
at which wear has been significantly developed, whereby
drainage performance can be effectively enhanced through-
out a period from the brand new stage to the end stage of wear
of the tire. It should be noted that, at the middle to end stage
of wear, pipe resonance sounds generated from the circum-
terential groove are decreased to a negligible degree, whereby
it 1s no longer necessary to consider the effect of decreasing
pipe resonance sounds. The enlarged portion 17 of the siping
2 may have an ellipsoidal or polygonal shape or the like.

Yet further, 1n the tire as shown in FIG. 16, the enlarged
portion of the siping groove 2 has a structural characteristic
that, in a section of the siping groove 2 orthogonal to the
extending direction thereof, the groove width gradually
increases from the opening portion to the groove width maxi-
mum portion. Accordingly, when the tire 1s removed from a
mold after vulcanization molding, the rubber portion of the
siping portion 1s less likely to be caught by the mold and thus
the siping portion 2 1s less likely to be destroyed when the tire
1s pulled out of the mold.

Yet further, as shown 1in FIG. 17, the siping portion 2
preferably includes, 1n a section orthogonal to the extending
direction thereof, a constant groove width portion 18 where
the groove width 1s constant from an opening portion at a
ground contact surface of the siping portion 2 toward the
groove bottom side; and an enlarged portion 17 having a
relatively large groove width provided on the further groove
bottom side than the constant groove width portion 18. In a
case where such a structure as described above 1s employed,
il an opening portion at a ground contact surface of the siping
2 1s closed due to the walls thereotf are brought 1nto contact
with each other when a tire 1s rotated with load exerted
thereon, the constant groove width portion 18 1s first closed
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due to the walls contacting each other. Accordingly, change 1n
rigidity of the land portion 1s relatively small, there 1s not so
much change 1n volume of the enlarged portion 17 and the
volume of the siping portion 2 can be suiliciently ensured,
whereby drainage property may be improved, while pipe
resonance sounds are elfectively decreased. In the present
invention, the “constant groove width portion™ represents a
portion where the groove width 1s constant, ranging from an
opening portion at a ground contact surface of the siping
portion 2 to the enlarged portion of the siping 2.

In the structure as shown 1n FIG. 17, the enlarged portion
17 of the siping portion 2 preferably has, in a section of the
s1ping portion 2 orthogonal to the extending direction thereof,
a configuration in which the groove width gradually increases
from the end portion on the tire radially direction inner side of
the constant groove width portion 18 to the groove bottom, as
shown 1 FIG. 18. In a case where such a structure as
described above 1s employed, 1f an opening portion at a
ground contact surface of the siping portion 2 1s closed due to
the walls thereof contacting each other when a tire 1s rotated
with load exerted thereon, the constant groove width portion
18 1s at first closed due to the walls thereof contacting each
other, there 1s not so much change 1n volume of the enlarged
portion 17 and thus the volume of the siping portion 2 can be
suificiently ensured, whereby drainage property may be
improved, while pipe resonance sounds are eflectively
decreased. Further, 1in the case of the structure shown 1n FIG.
18, due to the structural characteristic thereof that the groove
width of the enlarged portion 17 gradually increases toward
the maximum groove width portion thereof, when a tire 1s
removed from a mold after vulcanization molding, a blade for
forming the siping portion 2 may be smoothly pulled out of
the rubber portion of the tire, whereby the siping portion 2 1s
less likely to be destroyed when the tire 1s pulled out of the
mold.

Yet further, 1n the tire of the present invention, as shown 1n
FIG. 19, 1t 1s preferable that a section of the resonance cell
portion 3 orthogonal to the extending direction thereof 1s
larger than a section of the siping portion 2 orthogonal to the
extending direction thereof and that the depth of the reso-
nance cell portion 3 1s not larger than the width of the reso-
nance cell portion 3 at a ground contact surface of the tread
portion. In the tire as described above, while pipe resonance
sounds are decreased by provision of the resonator 1, since
the depth of the resonance cell portion 3 1s not larger than the
width of the resonance cell portion 3 at a ground contact
surface of the tread portion, a pebble or a gravel entering the
resonance cell portion 3 when the tire 1s rotated with load
exerted thereon 1s less likely to be caught therein and rather
¢jected from the resonance cell portion 3. If the resonance cell
portion 3 has caught a pebble or a gravel therein, since the
pebble or gravel 1s likely to protrude from the ground contact
surface of the tread portion, when the tire 1s rotated with load
exerted thereon, the pebble or gravel protruding from the
ground contact surface of the tread portion 1s brought into
contact with the ground and hooked by the ground, whereby
the pebble or gravel i1s dragOged out of the resonance cell
portion 3 and the thus pebble-biting-preventing property of
the resonator 1 1s effectively improved.

Yet further, 1n the tire of the present invention, as shown 1n
FIG. 20, 1t 1s preferable that a section of the resonance cell
portion 3 orthogonal to the extending direction thereof 1s
larger than a section of the siping portion 2 orthogonal to the
extending direction thereof and that the width of the reso-
nance cell portion 3 gradually decreases from a ground con-
tact surface of the tread portion to the bottom 12 of the
resonance cell portion 3. In the tire as described above, since
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the width of the resonance cell portion 3 gradually decreases
from a ground contact surface of the tread portion to the
bottom 12 of the resonance cell portion 3, 1f a pebble or a
gravel 1s caught by the resonance cell portion 3, the resonance
cell portion 3 collapse-deforms 1n the longitudinal direction
thereol due to friction between the ground contact surface of
the tread portion and a road surface when the tire 1s rotated
with load exerted thereon, whereby, as shown 1 FIG. 21,
compression force F 1s exerted on the pebble or gravel 20
from a wall portion 19 of the resonance cell portion 3 and, due
to the compression force F being constituted of components
of force E, G, the component of force E in the direction of
pushing the pebble or gravel 20 out of the resonance cell
portion 3 presses the pebble or gravel 20 from the inner side
toward the outer side in the tire radial direction, thereby
pushing the pebble or gravel out of the resonance cell portion
3. Accordingly, 1t 1s possible to effectively improve the
pebble-biting-preventing property of the resonator 1.

Alternatively, 1n the tire of the present invention, as shown
in FI1G. 22, 1t 1s preferable that a section of the resonance cell
portion 3 orthogonal to the extending direction thereof 1s
larger than a section of the siping portion 2 orthogonal to the
extending direction thereof, that the depth of the resonance
cell portion 3 1s not larger than the width of the resonance cell
portion 3 at a ground contact surface of the tread portion and
that the width of the resonance cell portion 3 gradually
decreases from a ground contact surtace of the tread portion
to the bottom 12 of the resonance cell portion 3. Such a tire as
described above can cause the eflects described in context
with FIG. 19 and FIG. 20 simultaneously and 1s capable of
turther improving the pebble-biting-preventing property of
the resonance cell portion 1. In view of a fact that the groove
volume of the circumierential groove 7 decreases as wear of
a tire progresses and pipe resonance sounds are less likely to
be generated, the respective tires of the present invention
described above primarily demonstrate the effects thereof at
the 1nitial stage of wear of the tread portion.

Yet further, 1n the tires of the present invention described
with reference to FIGS. 20 to 22, 1t 1s preferable that the
length of the resonance cell portion 3 gradually decreases
from a ground contact surface of the tread portion to the
bottom portion 12 of the resonance cell portion 3. In a case
where the length of the resonance cell portion 3 gradually
decreases from a ground contact surtace of the tread portion
to the bottom portion 12 of the resonance cell portion 3, as in
the case where the width of the resonance cell portion 3
gradually decreases from a ground contact surface of the tread
portion to the bottom portion 12 of the resonance cell portion
3, the wall portion 19 of the resonance cell portion 3 collapse-
deforms 1n the longitudinal direction of the resonance cell
portion 3 1n a state where a pebble or a gravel 1s caught therein
when the tire 1s rotated with load exerted thereon, whereby the
pebble or gravel 1s pressed from the mner side toward the
outer side 1n the tire radial direction due to the compression
pressure from the wall portion 19 and pushed out of the
resonance cell portion 3. That1s, the pebble-biting-preventing
property of the resonance cell portion 1 may be improved.

Yet further, as shown 1in FIG. 23 and FIG. 24, 1n the tire of
the present invention described with reference to FIG. 20 and
FIG. 22, the resonance cell portion 3 1s preferably designed to
have a tetrahedron-shape 1n which a section thereof orthogo-
nal to the tire radial direction gradually decreases from a
ground contact surface of the tread portion to the bottom
portion 12 of the resonance cell portion 3. In a case where the
resonance cell portion 3 has a tetrahedron-like shape, a pebble
or a gravel 1s less likely to caught by the resonance cell portion
3 and, 11 the resonance cell portion has caught a pebble or a
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gravel bit therein, relatively large compression stress 1is
exerted from the wall portion 19 of the resonance cell portion
3, regardless that 1n whichever direction the wall portion 19
collapse-deforms when the tire 1s rotated with load applied
thereon, whereby the pebble or gravel 1s pressed from the
inner side to the outer side in the tire radial direction and
pushed out of the resonance cell portion 3. That 1s, the pebble-
biting-preventing property of the resonance cell portion 1
may be improved.

Yet further, as shown 1n FI1G. 21, 1n the tire of the present
invention described with reterence to FIG. 20 and FIG. 22, the
angle X formed between the extending direction 21 of at least
one of the wall portion 19 extending {from a ground contact
surface of the tread portion to the bottom 12 of the resonance
cell portion 3 and a normal 22 with respect to the ground
contact surface of the tread portion 1s preferably 1n the range
of 30° to 60° and more preferably 1n the range of 30° to 45°.
In a case where the angle X formed between the extending
direction 21 of the wall portion 19 and a normal 22 with
respect to the ground contact surface of the tread portion 1s
smaller than 30°, the angle X 1s so small that the compression
stress to push a pebble or gravel from the inner side toward the
outer side 1n the tire radial direction when tire 1s rotated with
load exerted thereon 1s weakened accordingly, whereby the
pebble or gravel may not be ejected smoothly. In a case where
the angle X formed between the extending direction 21 of the
wall portion 19 and a normal 22 with respect to the ground
contact surface of the tread portion exceeds 60°, the angle X
1s so large that the shape of the resonance cell portion 3 1s
rather similar to that in which the wall portion 19 1s 1n parallel
to a road surface, whereby, although a pebble or gravel 1s less
likely to be caught therein, the volume of the resonance cell
portion 3 cannot be sufficiently ensured. In this case, 1f a
sufficient volume were to be somehow ensured, the resonance
cell portion 3 would disappear due to wear at the early stage
of wear of the tire and the function as the resonator 1 might be
marred. It 1s preferable that all of the angles formed between
the normal 22 and the extending directions 21 of all of the
walls 19 are within the aforementioned range rather than the
angle formed between the normal 22 and the extending direc-
tion 21 of one of the walls 19 1s within the aforementioned
range. In a case where all of the angles formed between the
normal 22 and the extending directions 21 of all of the walls
19 are within the alforementioned range, a pebble or gravel 1s
less likely to be caught therein and compression stress press-
ing the pebble or gravel from the 1nner side toward the outer
side 1n the tire radial direction 1s increased, whereby the
pebble or gravel 1s pushed out of the resonance cell portion 3
and the pebble-biting-preventing property of the resonance
cell portion 1 may be improved.

Yet further, 1n the tire of the present invention, as shown 1n
FIG. 25, 1t 1s preferable that the tread portion thereot 1s pro-
vided with a circumiferential groove 7 and a rnib-like land
portion 23 adjacent to the circumierential groove, a resonator
1 1s provided 1n the rib-like land portion 23 such that a sec-
tional area of a section of a resonance cell portion 3 of the
resonator, which section 1s orthogonal to the center line CE1
ol the resonance cell portion 3, 1s larger than a sectional area
of a section of the siping portion 2 of the resonator, which
section 1s orthogonal to the center line CE2 of the siping
portion 2, the resonator 1 has a first end 24 and a second end
235 defining the length L, in the tire circumierential direction
of the resonance cell portion 3, and the siping portion 2
extends from the second end 25 1n a direction away from the
first end 24 (upward 1n FIG. 235).

According to the tire of the embodiment as shown 1n FIG.
235, the siping portion 2, which decreases rigidity of the rib-
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like land portion 23, 1s disposed 1n a section where rigidity 1s
relatively large in the rib-like land portion 23, 1.¢. in the shown
example, section Al where the resonance cell portion 3 1s not
provided 1n the nb-like land portion 23 when viewed in the
tire widthwise direction, whereby change 1n the tire-width-
wise-direction-sectional area of the rib-like land portion 23
along the tire circumierence 1s small, as compared with a case
where the siping portion 2 1s disposed 1 a section where
rigidity 1s relatively small 1n the rib-like land portion 23, 1.¢.
section A2 where the resonance cell portion 3 1s provided 1n
the rib-like land portion 23 when viewed 1n the tire widthwise
direction, and rigidity of the rib-like land portion 23 along the
tire circumierence 1s thus made even. Since pattern noise
occurs due to variation 1n rigidity of the rib-like land portion
23 along the tire circumiference, such pattern noise can be
decreased by making rigidity distribution of the rib-like land
portion 23 along the tire circumierence even. Further, as
shown 1 FIG. 25, in a case where the longitudinal direction of
the resonance cell portion 3 coincides with the tire circum-
ferential direction, change in the tire widthwise direction
sectional area along the tire circumierence can be made
evener and thus pattern noise can be further decreased. In the
present invention, the case where “the longitudinal direction
ol the resonance cell portion 3 coincides with the tire circum-
terential direction” includes not only a case where the longi-
tudinal direction of the resonance cell portion 3 extends in
parallel with the tire circumierential direction but also a case
where the longitudinal direction of the resonance cell portion
1s inclined at an angle of 45° or less, measured from the acute
angle side, with respect to the tire circumierential direction.

Next, another embodiment according to the present imnven-
tion will be described. FIG. 26 1s an enlarged plan view
showing 1n an enlarged manner a main portion of a tread
portion of a tire of the another embodiment. The arrow C
shown in the drawing represents the tire circumierential
direction and the arrow D represents the tire widthwise direc-
tion. The same reference numerals are assigned to the same
members as those of the tire of the embodiment shown 1n FIG.
25.

The tire shown 1n FIG. 26 has a circumierential groove 7
extending in the tire circumierential direction and a rnib-like
land portion 23 adjacent thereto 1n a tread portion. Further, the
tire has, 1n the rib-like land portion 23, plural resonators 1
provided 1n the tire circumierential direction and constituted
of a siping portion opened to the circumierential direction 7
and a resonance cell portion 3 commumicating with the cir-
cumierential groove 7 via the siping portion 2, so that the
resonators 1 decrease noise generated by resonance inside
columns formed by the circumierential groove and a road
surface. The resonance cell portion 3 1s formed such that a
sectional area of section thereof orthogonal to the center line
CE1 1s larger than a sectional area of a section of the siping
portion 2 orthogonal to the center line CE2.

The main characteristics 1in structural terms of the tire of the
present embodiment reside, as shown in FIG. 26, in that the
resonator 1 has a first end 24 and a second end 25 defining the
length 1n the tire circumierential direction of the resonance
cell portion 3, the siping portion 2 extends from the second
end 25 1n a direction away from the first end 24, and the first
end 24 of the resonator 1 1s aligned, on the same line 1n the tire
widthwise direction, with an opening end 26 opening to the
circumierential groove 7, of the siping portion 2 of another
resonator 1 adjacent to the resonator 1 1n the tire circumier-
ential direction.

According to the tire of the embodiment as shown 1n FIG.
26, the siping portion 2 which decreases rigidity of the rib-
like land portion 23 1s disposed 1n a section having relatively
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large rigidity 1n the rib-like land portion, 1.e. in the case of the
shown example, section A3 between the resonance cell por-
tion 3 of one resonator 1 and the resonance cell portion 3 of
another resonator 1 1n the rib-like land portion 23; and the first
end 24 o the one resonator 11s aligned, on the same line in the
tire widthwise direction, with the opeming end 26 opening to
the circumierential groove 7, of the siping 2 of another reso-
nator 1 adjacent to the one resonator 1 1n the tire circumier-
ential direction, whereby sections of the rib-like land portion
23, 1n which sections the siping 2 or the resonance cell portion
3 does not exist when viewed 1n the tire widthwise direction,
are eliminated. Accordingly, change in the tire widthwise
direction sectional area of the rib-like land portion 23 along
the tire circumierence 1s further decreased and rigidity of the
rib-like land portion 23 along the tire circumfierence is further
made even. As aresult, pattern noise due to changes in rigidity
of the rib-like land portion 23 along the tire circumierence 1s
turther decreased.

Next, yet another embodiment according to the present
invention will be described. FIG. 27 1s an enlarged plan view
showing 1n an enlarged manner a main portion of a tread
portion of a tire of the yet another embodiment. The arrow C
shown i1n the drawing represents the tire circumierential
direction and the arrow D represents the tire widthwise direc-
tion. The same reference numerals are assigned to the same
members as those of the tire of the foregoing embodiments.

The tire shown 1n FIG. 27 has a circumierential groove 7
extending in the tire circumierential direction and a rib-like
land portion 23 adjacent thereto 1n a tread portion. Further, the
tire has in the rib-like land portion 23 plural resonators 1
provided 1n to the tire circumierential direction and consti-
tuted of a s1ping portion opened to the circumierential direc-
tion 7 and a resonance cell portion 3 communicating with the
circumierential groove 7 via the siping portion 2, so that the
resonators 1 decrease noise generated by resonance inside
columns formed by the circumiferential groove 7 and a road
surface. The resonance cell portion 3 1s formed such that a
sectional area of section thereof orthogonal to the center line
CE1 1s larger than a sectional area of a section of the siping
portion 2 orthogonal to the center line CE2.

The main characteristic in structural terms of the tire of the
present embodiment resides, as shown in FIG. 27, 1n that,
when viewed 1n the tire widthwise direction, the resonance
cell portion 3 of one resonator 1 partially overlaps the siping
portion 2 of another resonator 1 adjacent to the one resonator
1 in the tire circumfterential direction, 1.e. when the resonance
cell portion 3 and the siping portion 2 are projected onto the
tire equatonial plane, the extension ranges 1n the tire circum-
terential direction of the respective projection shapes (not
shown) partially overlap with each other.

According to the tire of the embodiment as shown 1n FIG.
277, the siping portion 2 which decreases rigidity of the rib-
like land portion 23 1s disposed 1n a section having relatively
large rigidity in the rib-like land portion 23, 1.¢. 1n the case of
the shown example, section A4 between the resonance cell
portion 3 of one resonator 1 and the resonance cell portion 3
ol another resonator 1 in the rib-like land portion 23; and,
when viewed 1n the tire widthwise direction, the resonance
cell portion 3 of the resonator 1 1s disposed to partially overlap
with the siping portion 2 of another resonator 1 adjacent to the
resonator 1 in the tire circumierential direction (section AS)
so that the length in the tire circumierential direction of sec-
tion A4, where only the siping portion 2 of the resonator 1
exists 1n the rib-like land portion 23 when viewed 1n the tire
widthwise direction and therefore has relatively high rigidity,
1s shortened, whereby change 1n the tire widthwise direction
sectional area of the rib-like land portion 23 along the tire
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circumierence causes less effect on rigidity of the nb-like
land portion 23 along the tire circumierence than the structure
of FIG. 26. As aresult, pattern noise due to changes in rigidity
of the rib-like land portion 23 along the tire circumierence 1s
turther decreased.

Further, 1n the tire of the present embodiment, as shown in
FIG. 28, provided that, when viewed 1n the tire widthwise
direction, a section where the resonance cell portion 3 of one
resonator 1 overlaps the siping portion 2 of another resonator
1 adjacent to the one resonator 1 in the tire circumierential
direction 1s AS and a section where only the resonance cell
portion 3 exists 15 A6, 1n the same resonance cell portion 3, a
tire widthwise direction sectional area of the resonance cell
portion 3 1n section AS 1s preferably at least partially smaller
than a tire widthwise direction section area of the resonance
cell portion 1n section A6. In such a structure as shown in FIG.
28, change 1n the tire widthwise direction sectional area of the
rib-like land portion 23 along the tire circumierence 1s further
decreased and rigidity of the rib-like land portion 23 along the
tire circumierence 1s further made even. As a result, pattern
noise due to changes 1n rigidity of the rib-like land portion 23
along the tire circumierence 1s further decreased.

Next, yet another embodiment according to the present
invention will be described. FIG. 29 1s an enlarged plan view
showing 1n an enlarged manner a main portion of a tread
portion of a tire of the yet another embodiment. The arrow C
shown in the drawing represents the tire circumierential
direction and the arrow D represents the tire widthwise direc-
tion. The same reference numerals are assigned to the same
members as those of the tire of the foregoing embodiments.

The tire shown 1n FIG. 29 has a circumierential groove 7
extending 1n the tire circumierential direction and a rib-like
land portion 23 adjacent thereto 1n a tread portion. Further, the
tire has in the rib-like land portion 23 plural resonators 1
provided 1n the tire circumierential direction and constituted
of a siping portion opened to the circumierential direction 7
and a resonance cell portion 3 commumicating with the cir-
cumierential groove 7 via the siping portion 2, so that the
resonators 1 decrease noise generated by resonance inside
columns formed by the circumierential groove 7 and a road
surface. The resonance cell portion 3 1s formed such that a
sectional area of section thereof orthogonal to the center line
CE1 1s larger than a sectional area of a section of the siping
portion 2 orthogonal to the center line CE2.

The main characteristic 1n structural terms of the tire of the
present embodiment resides, as shown 1n FIG. 29, 1n that the
resonator 1 has a first end 24 and a second end 25 defining the
length L 1n the tire circumierential direction of the resonance
cell portion 3 and the first end 24 of the resonator 1 1s aligned,
on the same line in the tire widthwise direction, with the
second end 25 of another resonator 1 adjacent to the resonator
1 in the tire circumierential direction.

According to the tire of the embodiment as shown 1n FIG.
29, the nb-like land portion 23 1s constituted, when viewed 1n
the tire widthwise direction, of section A7 where only the
resonance cell portion 3 exists and section A8 including the
resonance cell portion 3 and the siping portion 2 so that a
section including only the siping portion 2 and having rela-
tively large rigidity 1s eliminated, whereby change 1n the tire
widthwise direction sectional area of the rib-like land portion
23 along the tire circumierence 1s further decreased and rigid-
ity of the rib-like land portion 23 along the tire circumierence
1s Turther made even. As a result, pattern noise due to changes
in rigidity of the rib-like land portion 23 along the tire cir-
cumierence 1s further decreased.

Next, yet another embodiment according to the present
invention will be described. FIG. 30 1s an enlarged plan view
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showing 1n an enlarged manner a main portion of a tread
portion of a tire of the yet another embodiment. The arrow C

shown in the drawing represents the tire circumierential
direction and the arrow D represents the tire widthwise direc-
tion. The same reference numerals are assigned to the same
members as those of the tire of the foregoing embodiments.

The tire shown 1n FIG. 30 has a circumierential groove 7
extending in the tire circumierential direction and a rib-like
land portion 23 adjacent thereto 1n a tread portion. Further, the
tire has 1n the rib-like land portion 23 plural resonators 1
provided 1n the tire circumierential direction and constituted
of a siping portion opened to the circumierential direction 7
and a resonance cell portion 3 communicating with the cir-
cumierential groove 7 via the siping portion 2, so that the
resonators 1 decrease noise generated by resonance inside
columns formed by the circumierential groove and a road
surface. The resonance cell portion 3 1s formed such that a
sectional area of section thereof orthogonal to the center line
CE1 1s larger than a sectional area of a section of the siping
portion 2 orthogonal to the center line CE2.

The main characteristic in structural terms of the tire of the
present embodiment resides, as shown 1n FIG. 30, in that the
resonance cell portion 3 of one resonator 1 completely over-
laps the siping portion 2 of another resonator 1 adjacent to the
one resonator 1 1in the tire circumierential direction when
viewed 1n the tire widthwise direction, 1.e. when the reso-
nance cell portion 3 and the siping portion 2 are projected
onto the tire equatorial plane, the extension ranges in the tire
circumierential direction of the respective projection shapes
(not shown) coincide with each other.

According to the tire of the embodiment as shown 1n FIG.
30, when viewed 1n the tire widthwise direction, the reso-
nance cell portion 3 of one resonator 1 completely overlaps
the siping portion 2 of another resonator 1 adjacent to the one
resonator 1 in the tire circumierential direction, so that the
rib-like land portion 23 1s constituted, when viewed 1n the tire
widthwise direction, of only section A9 including the reso-
nance cell portion 3 and the siping portion 2. Accordingly, a
tire widthwise direction sectional area of the rib-like land
portion 23 hardly changes along the tire circumierence and
thus rigidity of the nib-like land portion 23 along the tire
circumierence 1s made substantially even. As a result, pattern
noise due to changes 1n rigidity of the rib-like land portion 23
along the tire circumierence 1s further decreased.

In the tires of the embodiments as shown 1n FIGS. 25 to 30,
it 1s preferable that the tire widthwise direction sectional area
of the resonance cell portion 3 gradually decreases toward the
first end 24, as exemplarily shown 1n FIG. 29. Due to this
structure, rigidity of the rib-like land portion 23 can be
smoothly increased toward the first end 24 and rapid change
in rigidity can be prevented from occurring, whereby pattern
noise due to changes in rigidity of the rib-like land portion 23
along the tire circumierence 1s further decreased.

The foregoing descriptions only show a part of the embodi-
ments of the present mvention, and the structures described
above can be combined with each other and/or various modi-
fications may be added thereto unless such changes digress
from the sprit of the present invention.

EXAMPLES

Experiment 1

In Experiment 1, a tire of the embodiment as shown 1n
FIGS. 4 and 5 was prepared as Example 1 tire and, 1n order to
make comparison with Example 1 tire, another tire was pre-
pared as Comparative Example 1 tire which had, as shown in
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aplan view of FIG. 31, a resonator having the same depth and
length as those of Example 1 tire and difierent from Example
1 tire only 1n that the width of the siping portion 1s constant 1n
the longitudinal direction. Noises caused by these tires were
measured. The measurement results are shown 1n FIG. 32 by
a graph 1n which frequency and sound pressure are plotted on
the longitudinal axis and the transverse axis, respectively.

The resonator of Comparative Example 1 has the width W
of the resonance cell portion: 10 mm, the length L, thereof: 25
mm, the depth D, thereof: 8 mm, the width W, of the siping
portion: S mm, the length L, thereof: 10 mm, and the depth D,
thereot: 2 mm. The resonator of Example 1 tire has the width
W of the resonance cell portion: 10 mm, the length L, thereof:
25 mm, the depth D, thereof: 8 mm, and the siping portion
thereot 1s constituted of the circumierential groove side por-
tion having the depth D,: 2 mm, the width w,: 3 mm, and the
length m,: 5 mm and the resonance cell side portion having
the depth D,: 2 mm, the width w,: 5 mm, and the length m.,:
> mim.

The method of measuring noise included the steps of
assembling each tire having size o1 195/65R 135 with a 61J rim;
inflating the tire at an air pressure of 210 kPa; rotating the tire
thus prepared by an indoor tire tester with exerting load o1 4.4
kN thereon at a rate of 40 km/h; measuring lateral noise of the

tire according to the conditions prescribed in JASO C606; and
obtaining the values 1n the 14 octave band to plot a graph as
show 1n FIG. 32.

The frequency of the noise caused by the striking sounds 1s
667 Hz from the calculation based on the conditions of the
running speed: 40 km/h, the tire circumierential length size:
195/65R 15, and the number of resonators: 60. As shown 1n
FIG. 32, Example 1 tire obviously decreases the sound pres-
sure level 1n this band range, as compared with Comparative
Example 1 tire. On the other hand, the frequency band of the
noise due to resonance sounds from the circumierential
groove 1s 1n the range of 800 to 1200 Hz and there 1s substan-
tially no difference in sound pressure level 1n this frequency
range between Examples 1 and Comparative Example 1.
Therefore, as 1s obvious from FIG. 32, the tire of the present
invention can suppress occurrence of striking sounds without
scarifying an effect of decreasing resonance sounds.

In following Example tires of Examples 2 to 6, various
performances described below have been improved, based on
optimizing the shape of the siping portion of a resonator to
suppress generation of the aforementioned striking sounds.

Experiment 2

In Experiment 2, plural test tires were produced for each of
Examples 2 to 6 according to the embodiment of the present
invention, 1n which the length L, in the tire widthwise direc-
tion of a resonance cell portion of a resonator 1s not larger than
the length L, 1n the tire circumierential direction thereotf and
cach of Examples 7 to 9 according to the embodiment of the
present invention, in which the length [, 1n the tire widthwise
direction of a resonance cell portion of a resonator exceeds
the length L; 1n the tire circumierential direction thereof.
Noise and weight of wear of each of these tires were measured
by following tests and the results thereof were comparatively
evaluated.

The siping portion of the resonator of Examples 2 to 9 1s
constituted of a circumierential groove side portion having
the depth D,: 6 mm, the width w,: 1.5 mm, and the length m, :
20 mm; and a resonance cell side portion having the depth D.:
6 mm, the width w,: 2 mm, and the length m,: 5 mm. Each of
the tires employed in the tests had the size of 195/65R 13, was
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assembled with a 6JJ rnm and subjected to the following tests
in a state where the tire was inflated at an air pressure of 210

kPa.

The method of measuring noise included the steps of:
rotating each of the tires by an indoor tire tester at a rate o1 80
km/h with exerting load 01 4.47 kN; measuring lateral noise of

the tire according to the conditions prescribed in JASO C606;
and obtaining overall values of the center frequency band, 1.¢.

800 Hz-1000 Hz-1250 Hz, 1in the 14 octave band. The results

are expressed as difference 1n decibel (dB) from the results of
Conventional 1 tire, which i1s substantially the same as
Examples tires as described below, except that Comparative
Example 1 tire has no resonator.

The method of measuring the weight of wear included the
steps of subjecting each of the tires to free rolling (running
with no load exerted on the tire circumierential direction) as
a first running for 10 minutes by an indoor tire tester (having
Satety-walk surface attached thereto) at 80 km/h with exert-
ing load of 4.4°7 kKN ; subjecting the tire to a second running for
10 minutes in which 0.1G (G represents gravitational accel-
eration) was applied 1n the braking direction; repeating the
first running and the second running alternately; and after
making the tire run 1200 km, measuring the amount of rubber
wear. The measurement results are each shown by an index
value with respect to the reference value 100, which 1s the
amount of rubber wear of Conventional 1 tire, which 1s dit-
terent from the Example tires only in that the former does not
have any resonator. The larger index value represents the
larger amount of wear and thus poorer wear resistance.

Regarding passed/failure determination of weight of wear,
when the index value 1s not larger than 110, 1t 1s assumed that
the performance of the tire may be slightly poorer than that of
Conventional 1 tire but does not cause a significant problem,
whereby the tire 1s classified to “Passed”. When the index
value 1s not larger than 105, in particular, 1t 1s judged that the
performance of the tire 1s equivalent to that of Conventional
tire. In contrast, when the index value exceeds 110, 1t 1s
judged that the wear resistance property of the tire has obvi-
ously deteriorated and the tire 1s classified to “Failure™.

Example 2 tire 1s a tire having resonators structured to have
the shape and the arrangement as shown in FIG. 7. Example
7 tire 1s a tire 1n which each of the resonators has the same
opening dimension as that of the resonance cell portion of
Example 2 tire and 1s disposed such that each resonator 1s
rotated by 90° from the position 1n Example 2 tire, as shown
in FIG. 33. Example 3 tire 1s a tire having the same resonators
as Example 2 tire 1n a shoulder land portion thereof and the
same resonators as Example 7 tire 1in the mtermediate land
portion thereol. Example 8 tire 1s a tire having the same
resonators as Example 7 tire in a shoulder land portion thereof
and the same resonators as Example 2 tire 1n the intermediate
land portion thereot, as shown in F1G. 34. Noise and weight of
wear were measured, respectively, according to the methods
described above for each of these four types of tires.

In Example 2 tire, as shown in FIG. 7, the resonators
opening to the respective circumierential grooves are dis-
posed such that three resonators always exist in each of the
rib-like land portions at a ground contact surface of the tread
portion. The resonance cell portion constituting the resonator
has a rectangular shape of the length L, 1n the tire circumfier-
ential direction: 18 mm, the length L, 1n the tire widthwise
direction: 6 mm, the depth: 7 mm, and accordingly has the
volume V: 756 mm”.

The noise level and the weight of wear of Examples tires 2,
3,7 and 8 were evaluated by the atorementioned test methods.
The results are shown in Table 1.
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TABL.

(Ll

1

Direction of resonance cell
portion 1 shoulder land portion

Tire circumferential direction
Tire circumferential direction
Tire widthwise direction
Tire widthwise direction

Example tire 2
Example tire 3
Example tire 7
Example tire 8

Tire widthwise direction
Tire widthwise direction

As 1s obvious from Table 1, it 1s understand that, although
all of the tires of Examples 2, 3, 7 and 8 have substantially the
same resonance sound suppressing effect, only the tires 1n
which the length L 1n the tire circumierential direction of the
resonance cell portion provided in the shoulder land portion 1s
larger than the length L, 1n the tire widthwise direction of the
same resonance cell portion have achieved the “Passed” level
in terms of the weight of wear.

Further, 1n addition to Example 2 tire and Example 7 tire,
there were prepared test tires of Examples 4-6 and 9 which are
different from Example 2 tire only 1n the length L, 1n the tire
circumferential direction and the length L, 1n the tire width-
wise direction of the resonance cell portion. Each of these
tires was subjected to measurements of noise and amount of
wear according to the methods described above. The mea-
surement results and the dimension of an opening portion of
the resonance cell portion, of the tires of Examples 2, 4 to 7
and 9, are shown 1n Table 2.

In the respective Examples shown 1n Table 2, the length L,
in the tire circumfterential direction and the length [, 1n the
tire widthwise direction are set such that the product thereotf,
1.¢. the area of the opening portion of the resonance cell
portion, 1s constant and thus the volume of the resonance cell
portion 1s constant. In each of the Examples, the depth of the
resonance cell portion 1s 7 mm. Accordingly, the resonance

frequency 1, values 1n these Examples are substantially equal
to each other.

TABLE 2
Length [, intire  Length L5 in tire
widthwise circumiferential
direction of direction of Noise Amount
resonance cell resonance cell level of
portion [mm] portion [mm] L,Ly [dB]  wear
Example 4 27 0.15 =2.5 100
tire 4
Example 6 18 033 -=-2.6 102
tire 2
Example 9 12 075 =26 105
tire 5
Example 10.4 10.4 1 -2.6 110
tire 6
Example 12 9 1.33 =2.5 112
tire 9
Example 1% 6 3 -2.5 120
tire 7

As 1s obvious from Table 2, by setting L /L, at a value not
larger than 1, the amount of wear can be kept within the
“Passed” range, while the noise level 1s effectively decreased.
In particular, by setting I/, at a value not larger than 0.75,
the amount of wear can be kept within a more preferable
range.

Experiment 3

In Experiment 3, there were prepared a test tire lacking a
shoulder groove but having the resonator according to the
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portion in intermediate land portion
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Noise  Amount
level [dB] of wear
-2.6 102
-2.5 101
-2.5 120
-2.5 110

present invention (Example 10 tire) and test tires each having
the resonator and a shoulder groove according to the present
invention (Example 11 tire and Example 12 tire), as radial
tires for a passenger vehicle having tire size of 225/53R17,
respectively. The performances of these tires were evaluated.
The details thereot will be described below.

The siping portion of the resonator of each of the tires of
Examples 10 to 12 1s constituted of a circumierential groove
side portion having the depth D,: 5 mm, the width w,: 1.5
mm, and the length m,: 15 mm; and a resonance cell side
portion having the depth D,: 5 mm, the width w,: 2 mm, and
the length m,: 5 mm. Example 10 tire has a circumferential
groove, and a resonator provided 1n a land portion on the inner
side 1n the tire widthwise direction of the circumierential
groove such that the resonator opens to the circumierential
groove. The characteristics of Example 10 tire are shown 1n
Table 3. Each of Example 11 tire and Example 12 tire has a
circumierential groove, a resonator provided in a land portion
on the inner side 1n the tire widthwise direction of the circum-
terential groove such that the resonator opens to the circum-
terential groove, and a shoulder groove provided between the
adjacent resonators when viewed 1n the tire circumierential
direction. The characteristics of the tires of Examples 11 and
12 are shown 1n Table 3. The volume of the resonance cell
portion 1s expressed by an index value with respect to the
reference volume which 1s the volume of the resonance cell
portion of each resonator 1n Example 10 tire. The smaller
index value represents the smaller volume of the resonance
cell portion.

TABLE 3
Example Example Example

10 tire 11 tire 12 tire
Provision number of 4 4 4
circumiferential groove
Groove width of 10 mm 10 mm 10 mm
circumiferential groove
Length in tire circumiferential 13 mm 9 mm 6 mm
direction of resonance cell portion
Length n tire widthwise direction 12 mm 6 mm 5 mm
of resonance cell portion
Depth of resonance cell portion 7 mm 5 mm 4 mm
Volume of resonance cell portion 100 25 11
(expressed by index value)
Circumiferential pitch number of — 28 42
shoulder groove
Number of shoulder groove — 1 2
in ground contact surface
Circumiferential pitch number of 14 28 42
resonator
Number of resonator 1 2 3

in ground contact surface

Each of these test tires was assembled with a rim having
s1ze of 7.5Jx17.0 to be a tire wheel assembly. Various tests
were conducted 1n a state where each of these tire assemblies
was mounted to a vehicle, intlated at an air pressure of 220
kPa (relative pressure) with load of 5.0 kN exerted thereon, so
that performances of the tire were evaluated.
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In a test for evaluating quietness of the tire, the testing
vehicle ran at a speed ranging from a relatively low speed to
100 km/h on a test course constituted of a circular course
including a relatively long linear portion, a handling evalua-
tion road including a lot of gentle curves, and the like, and a
prolessional dniver evaluated how easily pipe resonance
sounds were heard and how annoying the sounds were, with
10 points as the tull score. The larger points represent the

better quietness. The evaluation results of quietness are
shown 1n Table 4.

In a test for evaluating driving stability of the tire on a dry
road surface, the testing vehicle ran at a speed ranging from a
relatively low speed to 100 km/h on a test course constituted
of a circular course including a relatively long linear portion,
a handling evaluation road including a lot of gentle curves,
and the like, and a professional driver evaluated driving sta-
bility on a dry road surface, with 10 points as the full score.
The larger points represent the better driving stability onadry
road surface. The evaluation results of driving stability on a
dry road surface are shown 1n Table 4.

In a test for evaluating a driving stability of the tire on a wet

road surtace, the testing vehicle ran on a wet road surface of

a test course constituted of a handling evaluation road includ-
ing a lot of upslope curves and downslope curves at as high a
speed as possible (at the limit speed), and a professional
driver evaluated driving stability on a wet road surface includ-
ing gripping property, handling property and the like, with
points as the full score. The larger points represent the better
driving stability on a wet road surface. The evaluation results
of driving stability on a wet road surface are shown in Table 4.

TABLE 4
Example Example Example
10 tire 11 tire 12 tire
Quietness 7 7 7
Driving stability on 6 6.5 6.75
a dry road surface
Driving stability on 6.5 6.75 7

a wet road surface

As 1s obvious from the results of Table 4, the tires of

Examples 11 and 12 exhibit improved driving stability on a
dry road surface, while decreasing pipe resonance sounds to
a degree similar to that in Example 10 tire, as compared with
Example 10. Example 12 tire exhibits better driving stability
on a dry road surface than Example 11 tire because the num-
ber of shoulder grooves present within a ground contact sur-
tace of the former 1s larger than that of the latter and thus the
volume of the resonance cell portion of the former 1s smaller
than that of the latter. Further, the tires of Examples 11 and 12
exhibit improved driving stability on a wet road surface, as
compared with Example 10 tire. Example 12 tire exhibits
better driving stability on a wet road surface than Example 11
tire because the number of shoulder grooves present within a
ground contact surface of the former 1s larger than that of the
latter.

As 1s obvious from the foregoing descriptions, by optimiz-
ing a tread pattern, as well as the dimension and the position
ol a resonator provided at a ground contact surface of the
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improving driving stability, while decreasing pipe resonance
sounds during running of the tire.

Experiment 4

Further, in Experiment 4, there were prepared: Example 13
tire including a resonator not having an enlarged portion in
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the siping portion thereof, according to the present invention;
and Example 14 tire including a resonator having an enlarged
portion 1n the siping portion thereot, according to the present
invention, as radial tires for a passenger vehicle having tire
s1ze ol 225/55R17, respectively. The performances of these
tires were evaluated. The details thereofl will be described
below.

The siping portion of the resonator of each of the tires of
Examples 13 to 14 1s constituted of a circumierential groove
side portion having the depth D,: 6 mm, the width w,: 1.5
mm, and the length m,: 20 mm; and a resonance cell side
portion having the depth D,: 6 mm, the width w,: 2 mm, and
the length m,: 5 mm. Example 13 tire has a tread pattern as
shown in FI1G. 35(a) including plural circumierential grooves
and resonators each opening to the circumierential groove.
The siping portion of the resonator has, as shown 1n FIG.
35(b), a sectional shape orthogonal to the extending direction

of the siping portion. Example 13 tire has the characteristics
as shown 1n Table 5.

Further, Example 14 tire has a tread pattern as shown 1n
FIG. 36(a) including plural circumierential grooves and reso-
nators each opening to the circumierential groove. The siping
portion of the resonator has, as shown 1n FIG. 36(b), mn a
sectional shape orthogonal to the extending direction of the
siping portion, a groove width constant portion and an
enlarged portion having a cylindrical shape. Example 14 tire
has the characteristics as shown 1n Table 3.

TABLE 5
Example Example
13 tire 14 tire

Length in lateral direction of 6.0 mm 6.0 mm
resonance cell portion
Length in longitudinal direction of 18.0 mm 18.0 mm
resonance cell portion
Depth of resonance cell portion 7.0 mm 7.0 mm
Radius of enlarged portion having - 1.2 mm

cylindrical shape

Each of these test tires was assembled with a rim having,
s1ze of 7.5Jx17 to be a tire wheel assembly. Various evalua-
tions were conducted 1n a state where each of these tire
assemblies was mounted to a vehicle and inflated at an air
pressure ol 220 kPa (relative pressure) with load correspond-
ing to the weight of two occupants exerted thereon.

Quietness of the tire was evaluated as a feeling evaluation
in which a professional driver ran the testing vehicle at a
speed ranging from a relatively low speed to 100 km/h on a
test course 1n a state where a brand new tire was mounted
thereon and a state where a worn tire was mounted thereon,
respectively, and evaluated how easily pipe resonance sounds
were heard and how annoying the sounds were, with 10 points
as the tull score. The evaluation results of quietness are shown
in Table 6.

Further, the drainage property was evaluated by: a profes-
sional driver’s running the testing vehicle at a gradually
accelerating speed on a test course where the water depth was
10 mm 1n a state where a brand new tire was mounted on the
vehicle and a state where a worn tire was mounted on the
vehicle, respectively; determining the speed at which a slip
rate of the tire with respect to a road surface reached 15%, as
the hydroplaning occurring speed; and expressing the hydro-
planming occurring speed thus obtained by an index value with
respect to the reference value 100, which 1s the hydroplaning
occurring speed of Example 13 tire 1n a brand new state,
thereby making comparative evaluation. The larger index
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value represents the better drainage property. The evaluation
results of drainage property are shown in Table 6.

TABLE 6

Example 13 tire Example 14 tire

Brand Worn Brand Worn

new state state new state state

Quietness 7 6.5 7.25 6.75
Drainage property 100 90 100 93

As 1s obvious from the results of Table 6, pipe resonance
sounds of Example 14 tire were decreased 1n both brand new
state and worn state, as compared with Example 13 tire.

Width of resonance
cell portion

Length of resonance
cell portion

Depth of resonance
cell portion
Sectional shape in
the widthwise
direction of
resonance cell
portion

Extending angle of
wall portion
Groove width of
circumierential
groove
Circumierential
pitch number of
resonator

Number of resonator
in ground contact
surface

Further, Example 14 tire exhibits improved anti-hydroplan-
ing property in a worn state, as compared with Example 13
tire.

As 1s obvious from the foregoing descriptions, by optimiz-
ing the shape of a resonator, it 1s possible to provide a pneu-
matic tire capable of improving drainage property, while sup-
pressing change in volume of a siping portion of the resonator
due to deformation of a tread portion when the tire 1s rotated
with load exerted thereon and thus decreasing pipe resonance
sounds.

Experiment 5

Further, in Experiment 5, there were prepared: Example 15
tire including a resonator having a siping portion of which
width 1s smaller on the circumierential groove side than on
the resonance cell portion side, according to the present
invention; and tires of Examples 16 to 20 tire including a
resonator having a siping portion of which width 1s smaller on
the circumierential groove side than on the resonance cell
portion side and a resonance cell portion of various shapes,
according to the present mvention, as radial tires for a pas-
senger vehicle having tire size of 225/53R17, respectively.
The performances of these tires were evaluated. The details
thereol will be described below.

The siping portion of the resonator of each of the tires of
Examples 15 to 20 1s constituted of a circumierential groove
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side portion having the depth D,: 6 mm, the width w,: 1.5
mm, and the length m,; 25 mm; and a resonance cell side
portion having the depth D,: 6 mm, the width w,: 2 mm, and
the length m,: 5 mm. Example 13 tire has four circum{ierential
grooves and conventional resonators opening to these cir-
cumierential grooves 1n a ground contact surface of a tread
portion. Example 15 tire further has the characteristics as
shown 1n Table 7. Each of the tires of Examples 16 to has four
circumierential grooves and resonators opened to these cir-
cumierential grooves and 1ncluding resonance cell portions
of various shapes 1n a ground contact surface of a tread
portion. The tires of Examples 16 to 20 further have the
characteristics as shown 1n Table 7, respectively.

TABLE 7

Example
20 tire

Example
19 tire

Example
18 tire

Example
17 tire

Example
16 tire

4 mm 4.8 mm 6 mm ¥ mm 10 mm

27 mm 36 mm 27 mm 22 mm

7 mm 7 mm 7 mm 7 mm 7 mm

Reverse Triangular Triangular Triangular

trapezoidal

Rectangular

0 0° 0°/13° 24° 30° 35°

10 mm 10 mm 10 mm 10 mm 10 mm

54 pitch 54 pitch 54 pitch 534 pitch 54 pitch

Each of these test tires was assembled with a rim having
s1ze of 7.5Jx17.0 to be a tire wheel assembly. Various tests
were conducted 1n a state where each of these tire assemblies
was mounted to a vehicle, intlated at an air pressure of 220
kPa (relative pressure) with load of 5.0 kN exerted thereon, so
that performances of the tire were evaluated.

A test for evaluating the pebble-biting-preventing property
was conducted by: running a test vehicle 600 m on an unpaved
road of approximately 300 m circuit having pebbles and
gravels of diameters 1n the range of 1 to 10 mm or so laid
thereon; then running the test vehicle 2000 m on a paved road
including a straight road and a cornering road not having
pebbles and gravels strewn thereon; counting the number of
pebbles and gravels caught by the tire 1n the resonance cell
portion; and expressing the obtained number by an index
value with respect to the reference value, which 1s the number
of pebbles and gravels caught by Example 15 tire 1n the
resonance cell portion. The smaller value represents the better
pebble-biting-preventing property. The evaluation results of
the pebble-biting-preventing property are shown 1n Table 8.

In a test for evaluating quietness of the tire, the testing
vehicle ran at a speed ranging from a relatively low speed to
100 km/h on a test course constituted of a circular course
including a relatively long linear portion, a handling evalua-
tion road including a lot of gentle curves, and the like, and a
proiessional driver evaluated how easily pipe resonance
sounds were heard and how annoying the sounds were, with
10 points as the full score. The larger points represent the
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better quietness. 7 points or higher represent that quietness
suificient for a driver 1s ensured during running ofthe vehicle.
The evaluation results of quietness are shown 1n Table 8.

TABLE 8
Ex- Ex- Ex- Ex- Ex- Ex-

ample ample ample ample ample ample

15tire  16tire 17tire 18tire 19tire 20 fire
Pebble-biting- 100 40 65 50 30 20
preventing
property
Quietness 7 7 7 7 7 7

As 1s obvious from the results of Table 8, the tires of
Examples 16 to 20 exhibit improved pebble-biting-prevent-
ing property, while decreasing pipe resonance sounds, as
compared with Example 15 tire. The tires of Examples 19 and
20, 1n particular, have been significantly improved in the
pebble-biting-preventing property.

Therefore, as 1s obvious from the foregoing descriptions,

by optimizing the shape of the resonator, 1t 1s possible to
provide a pneumatic tire which 1s capable of improving the
pebble-biting-preventing property, while decreasing pipe
resonance sounds 1n running of the tire.

Experiment 6

Further, in Experiment 6, there were prepared: Conven-
tional Example 1 tire not having a resonator; tires of
Examples 21 to 23 1n which the width of the siping portion 1s
smaller on the circumierential groove side than on the reso-
nance cell portion side and the first end of one resonator 1s
distanced 1n the tire circumierential direction from the second
end of another resonator; tires of Examples 24 and 25 1n
which the width of the siping portion 1s smaller on the cir-
cumierential groove side than on the resonance cell portion
side and, when viewed i1n the tire widthwise direction, the
resonance cell portion of one resonator at least partially over-
laps the siping portion of another resonator adjacent to the one
resonator 1n the tire circumierential direction; and tires of
Examples 26 and 27 1n which the width of the siping portion
1s smaller on the circumierential groove side than on the
resonance cell portion side and the first end of one resonator
1s aligned with the second end of another resonator on the
same line when viewed 1n the tire widthwise direction, as
radial tires for a passenger vehicle having tire size of 225/
55R17, respectively. The performances of these tires were
evaluated. The details thereof will be described below.

The siping portion of the resonator of each of the tires of
Examples 21 to 26 1s constituted of a circumierential groove
side portion having the depth D,: 6 mm, the width w,: 1.5
mm, and the length m,: 25 mm; and a resonance cell side
portion having the depth D,: 6 mm, the width w,: 2 mm, and
the length m,: 5 mm. The siping portion of the resonator of
Example 27 tire 1s constituted of a circumierential groove
side portion having the depth D,: 6 mm, the width w,: 1.5
mm, and the length m,: 20 mm; and a resonance cell side
portion having the depth D,: 6 mm, the width w,: 2 mm, and
the length m,: 10 mm. Further, each of the tires of Examples
21 to 27 has, as shown in FIG. 37, four circumierential
grooves and rib-like land portions adjacent thereto 1n the tread
portion. The width and depth of the circumierential groove
are 8 mm, respectively. As exemplarily shown i FIG. 37,
cach of these tires has 60 resonators 1n each rib-like land
portion along the circumierence of the tire. The shapes and
arrangements of the respective resonators are shown in Table
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9. The volume of the resonance cell portion of each of the
resonators provided 1n the tires of Examples 21 to 26 1s 840
mm- and the volume of the resonance cell portion of the
resonator provided in Example 27 tire is 1260 mm”. For
comparison, Conventional Example 1 tire having the same
structure as the tires of Examples 21 to 27, except that Con-
ventional Example 1 tire lacks a resonator, was also prepared.

TABLE 9

Shape and arrangement

of resonator
Conventional No resonator
Example 1 tire
Example 21 tire FIG. 39
Example 22 tire FIG. 37 (FIG. 25)
Example 23 tire FIG. 26
Example 24 tire FIG. 27
Example 25 tire FIG. 28
Example 26 tire FIG. 29
Example 27 tire FIG. 30

The method of measuring pipe resonance sounds and pat-
tern noise included the steps of: assembling each of the tires
with a nm having size of 7.5]; inflating the tire at an air

pressure of 230 kPa (relative pressure); rotating each of the
tires by an indoor tire tester at a rate of 60 km/h with exerting
load of 4.5 kN; and measuring lateral noise of the tire accord-
ing to the conditions prescribed in JASO C606. The pipe
resonance sounds are evaluated by obtaining overall values of
the center frequency band, 1.e. 800 Hz-1000 Hz-1250 Hz, in
the 14 octave band and expressing the overall values of
Example tires 21 to 27 as relative values with respect to the
corresponding value of Conventional Example 1 tire not hav-
ing a resonator. In this evaluation, decrease 1n sound pressure
by 1 dB or more, which can be regarded as an improving
cifect 1n the feeling evaluation by a professional driver’s
actual driving of the test vehicle, 1s judged to be “effective”.
Regarding pattern noise, the relative values of tires of
Examples 22 to 27 with respect to Example 21 tire were
obtained 1n a sound pressure 1n the pitch 1st harmonic fre-
quency band, for evaluation. In this evaluation, decrease 1n
sound pressure by 1 dB or more 1s judged to be “effective”.
The evaluation results of quietness are shown 1n Table 10.

TABLE 10
Pipe resonance Pattern
sound (dB) Noise (dB)

Conventional — —
Example 1 tire

Example 21 tire -2 —
Example 22 tire -2 -1
Example 23 tire -2 -2
Example 24 tire -2 -2.5
Example 25 tire -2 -3
Example 26 tire -2 -3
Example 27 tire -1.5 -4

From the results shown 1n Table 10, 1t has been confirmed
that pattern noise can be further decreased, while pipe reso-
nance sounds in running of the tire 1s decreased.

INDUSTRIAL APPLICABILITY

As 1s obvious from the foregoing descriptions, according to
the present invention, rigidity of a land portion 1n the vicinity
of a siping portion 1s made even by optimizing the shape and
arrangement of a resonator, whereby 1t 1s possible to provide
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a pneumatic tire which 1s capable of effectively suppressing
striking sounds generated when the siping portion 1s brought
into contact with a road surface and 1improving various per-
formances including drainage property and pebble-biting-
preventing property described above.

The mvention claimed 1s:

1. A pneumatic tire having: a circumierential groove con-
tinuously extending in the tire circumierential direction 1n a
ground contact surface of a tread portion; and a resonator
provided in a land portion and constituted of a resonance cell
portion opened to a ground contact region at a position dis-
tanced from the circumierential groove and a siping portion
for making the resonance cell portion communicate with the
circumierential groove, characterized 1n that:

an opening width of the siping portion at the ground contact

surface of the tread portion 1s designed to change step-
wise 1n the longitudinal direction thereof such that the
opening width 1s relatively narrow on the side of the
circumierential groove and relatively wide on the side of
the resonance cell portion, and

the resonance cell portion terminates 1n the land portion

without communication with an another adjacent cir-
cumierential groove.

2. The pneumatic tire of claim 1, wherein, provided that the
length 1n the tire circumierential direction and the length 1n
the tire widthwise direction of the resonance cell portion of
the resonator are L; and L, respectively, L, 1s not larger than
L.

3. The pneumatic tire of claim 1, wherein the ground con-
tact surface of the tread portion 1s provided with at least one
shoulder groove extending from the circumierential groove
toward the outer side 1n the tire widthwise direction thereof to
a position beyond a ground contact end of the tread.

4. The pneumatic tire of claim 1, wherein a sectional area of
a Tace of the resonance cell portion, which face 1s orthogonal
to the extending direction of the resonance cell portion, 1s
larger than a sectional area of a face of the siping portion,
which face 1s orthogonal to the extending direction of the
siping portion, and the siping portion has on the groove bot-
tom side thereof an enlarged portion having a larger groove
width than the opening width of the siping portion.

5. The pneumatic tire of claim 1, wherein a sectional area of
a face of the resonance cell portion, which face 1s orthogonal
to the extending direction of the resonance cell portion, 1s
larger than a sectional area of a face of the siping portion,
which face 1s orthogonal to the extending direction of the
siping portion, and the depth of the resonance cell portion 1s
not larger than the width of the resonance cell portion at the
ground contact surface of the tread portion.
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6. The pneumatic tire of any of claim 1, further comprising;:
at least one row of nib-like land portions adjacent to the
circumierential groove,
wherein a plurality of the resonators are provided along the
tire circumierential direction in the rib-like land portion,
and
cach resonator has a first end and a second end defining a
length 1n the tire circumierential direction of the reso-
nance cell portion, the siping portion extends from the
second end of the resonator 1n the direction away from
the first end of the resonator, and the first end of one
resonator and the second end of another resonator adja-
cent to the one resonator 1n the tire circumierential direc-
tion are aligned with each other on the same line 1n the
tire widthwise direction.
7. The pneumatic tire of claim 1, further comprising:
at least one row of rib-like land portions adjacent to the
circumierential groove,
wherein a plurality of the resonators are provided along the
tire circumierential direction in the rib-like land portion,
and
cach resonator has a first end and a second end defining a
length 1n the tire circumierential direction of the reso-
nance cell portion, the siping portion extends from the
second end of the resonator in the direction away from
the first end of the resonator, and, when viewed 1n the tire
widthwise direction, the resonance cell portion of one
resonator at least partially overlaps the siping portion of
another resonator adjacent to the one resonator in the tire
circumierential direction.
8. The pneumatic tire of claim 1, further comprising:
at least one row of rib-like land portions adjacent to the
circumierential groove,
wherein a plurality of the resonators are provided along the
tire circumierential direction in the rib-like land portion,
and
cach resonator has a first end and a second end defining a
length 1n the tire circumierential direction of the reso-
nance cell portion, the siping portion extends from the
second end of the resonator in the direction away from
the first end of the resonator, and the sectional area 1n the
tire widthwise direction of the resonance cell portion
gradually decreases toward the first end of the resonator.
9. The pneumatic tire of claim 1, wherein a length (L, ) of
the resonance cell portion along the widthwise direction cen-
ter line LN thereof 1s larger than a length of (L, ) of the siping
portion along the widthwise direction center line LN thereof.
10. The pneumatic tire of claim 1, wherein a depth (D, ) of
the resonance cell portion 1s larger than a depth (D,) of the
s1ping portion.
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